The ab initio quasirelativistic approximation was used to derive transition data for the multicharged tungsten ions W 38+ -W
Introduction
Metallic tungsten has some unique physical features making it a suitable material for divertor walls of tokamak devices. Although it resists vaporization, highly-charged ions of tungsten can emerge in fusion plasma and consequently decrease its temperature due to radiation. Therefore both experimental and theoretical physicists show a surging interest in tungsten spectroscopic properties [1] [2] [3] . The theoretical and experimental studies of the tungsten ions are important in fusion plasma research, but available spectroscopic data for the ions with an open 4p N shell are incomplete. The basic atomic processes in tungsten ions W 37+ -W 46+ have been investigated using the relativistic methods in [4] . Our earlier studies of the highly-charged tungsten ions (see, e.g. [5, 6] ) clearly demonstrated a suitability of the quasirelativistic approach (QR) for the calculation of spectroscopic properties for highly-charged tungsten ions with open 4d N shells. In a similar way, the spectroscopic parameters of the W 39+ ion with the ground configuration 4s 2 4p 5 were determined and their accuracy was assessed in our previous work [7] . In that study the level energies and radiative transition parameters were calculated and compared with available experimental [8] [9] [10] and theoretical data from other sources [9, 11, 12] .
As our initial efforts to produce high-quality spectroscopic data for the tungsten ions with an open 4p N shell by utilizing the QR approach have been fruitful, in the present paper we expand that by a comprehensive calculation of radiative * The community of Lithuanian physicists experienced a loss on 10 August 2017, when Pavel Bogdanovich unexpectedly died. He was a talented disciple of Adolfas Jucys -the father of modern theory of an atom in Lithuania, and remained the principal developer of computational atomic physics throughout his career. Pavel was also the soul of Physics Olympiads for pupils in Lithuania and the skilled mentor of national teams at corresponding international events. transition parameters for these tungsten ions. The aim of the present paper is to determine the spectroscopic parameters of the radiative transitions including the high-multipole order ones and to evaluate the uncertainties of the determined transition probabilities and wavelengths. Spectroscopic data for the levels of the excited configurations 4s 2 4p N , 4s 2 4p N-1 4d, and 4s4p N+1 of the tungsten ions have not been investigated previously, except for a few lines. This work presents a complete set of the spectroscopic parameters determined using the same theoretical approach for each investigated ion. The level energies for such ions determined in the QR approach are presented in [13] . That work contains the overview of various studies of the tungsten ions and the comparison of our QR results with available data [8, 11, 12, [14] [15] [16] [17] [18] [19] . In the very recent work [20] the multiconfiguration Dirac-Hartree-Fock method (MCDHF) is applied to determine level energies and radiative lifetimes for eight Kr-like ions, including the W 38+ ion. The current work tabulates the level energies of the ions W 38+ -W 43+ along with the level radiative lifetimes and Landé g-factors. Another part of data presents the electric dipole (E1), electric quadrupole (E2), electric octupole (E3), magnetic dipole (M1), and magnetic quadrupole (M2) transitions for the W 38+ -W 43+ ions. As already mentioned before, we compared our results with available experimental and theoretical data. Such a comparison serves as one of the quality criteria for new calculated data [21] . In the current study we present a significantly larger set of the spectroscopic data compared to earlier works. Therefore we have no means to compare a big part of new data and hence we need to assess the uncertainties of our data. Based on ideas given in [12, 21, 22] , we evaluate our QR results by considering one of the accuracy aspects, i.e. by assessing how the accuracy of the calculated level energies influences the uncertainties of the QR transition probabilities. Further we list these determined uncertainties for the radiative transition parameters considering various types of multipole electron transitions.
In Section 2 we provide a short description of our calculation method and the QR approach. Since the adopted approximation completely matches that described in [13] , we provide only a brief summary of our method here. The produced data and their accuracy assessment are discussed in Section 3 where our results are compared with available experimental data and theoretical data from other authors.
Calculation method
The calculation of transition parameters springs from eigenfunctions and eigenvalues determined for energy levels. Therefore one needs to determine the high-rank matrices of the energy operator on the basis of all investigated and most admixed configurations. The basis of radial orbitals (RO) is generated for that purpose. The formation of this basis is performed in a way ensuring an effective convergence of the configuration interaction (CI) method. By diagonalizing the constructed matrices (Hamiltonian matrices), one can determine the abovementioned parameters of energy levels. They are further applied to determine the parameters of radiative electron multipole transitions or other spectroscopic parameters.
As already mentioned in Section 1, the quasirelativistic approximation is adopted here. That method was already successfully applied in our previous studies of multicharged tungsten ions. The general principles and method of our QR approach are presented in [23] .
In the present work we investigate the three lowest configurations of the tungsten ions W , N = 1, …, 6. All possible radiative transitions among the levels of these configurations are determined. At the start of the investigation for each ion, the quasirelativistic Hartree-Fock (QRHF) equations [24, 25] are solved and RO are determined for the ground configuration. Further the QRHF equations are solved for RO of the 4d and 4f electrons in the frozen-core 4s 2 4p N-1 potential. The one-electron radial orbitals for the virtually excited (5 ≤ n ≤ 10, l < n) electrons are described by the quasirelativistic transformed radial orbitals (TRO) [23] . The same set of radial orbitals is adopted both for even and odd configurations. Consequently, we avoid the problem of non-orthogonality in the calculation of radiative transition parameters. Such an approach is well suited for the investigated multicharged tungsten ions as outer electrons in a strong nuclear potential are weakly affected by electron distribution in the inner shells. We apply the Breit-Pauli operator specifically adopted for our employed QR approximation for the formation of energy matrices [23] . As our experience indicates, the adoption of such an approach in the QR calculations ensures a comprehensive inclusion of the relativistic effects.
The correlation effects are included within the CI approximation. The TRO method was specifically designed for that approximation. The admixed configurations are generated by promoting one or two electrons from the 3l and 4l shells of the adjusted configurations to all states that can be generated using an available set of the radial orbitals. Since different types of the virtual excitation are utilized here, and the set of the radial orbitals is large, the number of the admixed configurations is also huge. Fortunately, not all of the constructed admixed configurations are important in calculations. Only strongly-interacting configurations are included in the CI wave function expansion, and the total number of configuration state functions (CSFs) is reduced by the methods presented in [26, 27] . These methods were applied in all our previous investigations. The utilization of this meth od for the investigated tungsten ions and specific calculation details are widely discussed in [13] . The explicit numbers of the constructed admixed configurations and generated CSFs for each investigated ion are also listed there.
The determined level energies for each tungsten ion were consistently compared to the existing experimental data and available calculations from other authors in [13] . It was concluded there that the accuracy of the QR level energies is no worse than that of other calculations. Moreover, in many cases the accuracy of the QR data is better compared to other theoretical results. This allows us to assume that our calculated transition parameters are also substantially accurate. Based on these comparisons, we can assess uncertainties of the calculated level energies. In the next section we apply the determined uncertainties of the level energies to evaluate the uncertainties of transition data.
The properties of the investigated energy levels for the W 38+ -W 43+ ions are listed in Table 1 . The level indices K are separate for each individual ion; they are further applied in the description of radiative transitions. We list level designations in the LS coupling and the total angular momenta J to indicate a particular level for each ion. The level designations LS are assigned rather formally by the configuration state function (CSF) having the largest contribution in the CI wavefunction expansion for a particular level. We employ the LS coupling in our calculations although this coupling is not well-suited for multicharged ions because of a strong spin-orbit interaction. Therefore the CI wavefunction expansion includes a large number of CSF. Furthermore, some levels of the same configuration have non-unique formal LSJ parameters (or level designations). To distinguish among them, we introduce additional subscripts "a" at their notations. In addition to the level energies E, Table 1 lists other important energy level properties, such as Landé g-factors and radiative lifetimes τ. The Landé g-factor is a dimensionless parameter which describes the fine-structure level splitting in a magnetic field. The knowledge of these factors is important while studying tungsten ions in fusion plasma where magnetic fields are extremely strong. In the case of multiconfiguration eigenfunctions, the Landé g-factor for any level K with the total angular momentum J is given by å ÷ ÷ ø ö ç ç è ae +
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Here a K (CLSJ) stands for the CI wavefunction expansion coefficient. The summation runs over all expansion terms of the eigenfunction, i.e. over all configurations and their intermediate momenta (C), the total spin (S), and orbital (L) momenta. Total radiative lifetimes τ are determined by the sum of all radiative emission transition probabilities (rates) A from the excited level to all levels having lower energies:
The total radiative lifetimes τ are discussed in the next section.
We used original computer codes when implementing our QR approach for the data production along with the codes [28] [29] [30] which were adopted for our calculation needs.
Results and discussion
We investigate the three lowest configurations 4s 2 4p N , 4s 2 4p N-1 4d and 4s4p N+1 of the tungsten ions W 38+ -W 43+ by using the QR approach. The calculated level energies, their radiative lifetimes t, and other spectroscopic parameters of the levels are presented in Table 1 . Meanwhile, a comprehensive comparison with available experimental data and with level energies determined using other theoretical methods was performed and the accuracy assessment was given elsewhere [13] .
Transition wavelengths
The highly-charged tungsten ions were previously investigated in [10] . That work tabulates the measured wavelengths of the E1 and M1 transitions, most of them being transitions to the ground level, and the calculated data obtained in a relativistic parametric potential (RPP) method implemented in the HULLAC [32] package. Table 2 contains the experimental and calculated wavelengths of the E1 transitions from [10] and the QR wavelengths calculated in the present work for the ions W 38+ -W 43+ . The wavelengths are determined experimentally only for two E1 transitions in W 38+ . For the first line, λ exp = 46.40 Å, the agreement between the experimental and calculated values is very similar for both the QR and RPP methods. Meanwhile, the discrepancy between the experimental wavelength and the value of λ MCDHF = 46.45 Å from [20] is even smaller. For another transition at λ exp = 63.68 Å, the agreement of the QR result λ QR = 63.57 Å with the experimental value is excellent, but the value λ MCDHF = 63.64 Å from [20] is even closer. The deviation of the RPP wavelength from the experimental data is noticeably worse. For the ion W 39+ , the QR results are closer to the experimental ones than the calculated data from [10] . For the ion W 40+ , the deviation of the calculated data from the experimental wavelengths is slightly larger for the transition with λ exp = 65.81 Å. The agreement between the QR wavelength and the experimental data is excellent for other transition at λ exp = 62.60 Å in W 40+ . A wide emission band is registered at 46.88 Å in the spectrum of this ion. Five transition lines defined in [10] are identified as making a contribution to this wide line. Unfortunately, this identification for us looks uncertain. Thus we cannot assign particular QR transitions to this band beyond doubt. (The transitions which can possibly contribute to this band are listed later in Table 6 .)
For the ion W 41+ , our QR results differ from the experimental wavelengths more noticeably compared to the data from [10] -although these differences are not so significant. For the ions W 42+ and W 43+ , the QR wavelengths are very close to the experimental values. The averaged deviations are significantly smaller compared to the deviations of the RPP data from [10] .
The work [10] also presents several experimental wavelengths for the M1 transitions in the ions W 38+ and W 39+ . These transitions are also presented in Table 2 along with the QR results. The transitions in the ion W 38+ are identified as M1 transitions among the levels of the excited configuration 4s 2 4p 5 4d. The difference between our QR results and the experimental wavelengths is approximately 6% for the transitions at λ exp = 532.87 Å and λ exp = 559.04 Å, and approximately 10% for the transition at λ exp = 799.23 Å. For these lines, the agreement between the RPP results and the experimental data is significantly better than that between the QR results and the experimental ones.
For the ion W 39+ , the agreement of the RPP wavelengths with the experimental data is also better than the agreement of the QR results for three transitions among the levels of the excited configurations. Nevertheless, the difference between the QR wavelengths and experimental ones is smaller than in the case of W 38+ . The line at 131.8 Å originates from the transition between the levels of the ground configuration of W 39+ . Here the agreement with the experimental wavelength is approximately 1.4% both for the QR and RPP data.
The experimentally measured M1 transitions for other ions considered in the current study are not available. Only the RPP calculation results are presented in [10] . In general, the QR results are in a good agreement with the experimental wavelengths from [10] . Table 3 contains the calculated data for transitions among the levels of the ground configuration determined in the QR approach and those calculated in the multiconfigurational Dirac-Fock approximation (MCDF) [15] . As the total transition probabilities arising both from the M1 and E2 radiative transitions are presented in [15] , we also tabulate the QR data in this way. Meanwhile, separate QR transition probabilities for each type of transition are listed in Tables 4-9 .
Transition probabilities
It is worth noting here that in most cases for the same pair of levels, where both the E2 and the M1 transitions are allowed, the A values of the E2 transitions are only up to 20 times smaller than those of the M1 transitions. For the ion W 41+ , the E2 transition probability for the line λ QR = 131.69Å is just some 5 times smaller compared to that of the M1 transition for this line (see Table 7 ). Consequently, after the E2 transition is included into the calculation of the radiative lifetime t, its value is reduced by some 15%.
In general, the accuracy of transition data calculated in the QR and MCDF approximations is very similar. For all transitions presented in Table 3, the difference between the QR and MCDF transition wavelengths is less than 1%. The difference between the transition probabilities A is just few percent. Only the weak E2 transitions (λ QR = 64.69 Å and λ QR = 142.23 Å) in the ion W 40+ stand out. Although their transition wavelengths λ calculated by the QR and by MCDF approximations are very close (like for other investigated transitions), the transition probability values A differ significantly. Meanwhile, the QR and MCDF agree quite well. The radiative lifetimes τ of the excited levels in the current work are determined by utilizing the calculated transition probabilities A of the E1, M2 and E3 radiative transitions among the levels of different-parity configurations and those of the M1 and E2 transitions among the levels of the sameparity configurations. The transition probabilities A and other spectroscopic parameters are presented in Tables 4-9 . These tables contain emission transitions from each excited level, sorted in a transition probability descending order. The weakest presented transition is only up to 100 times weaker than the strongest one from any particular level. Here we must underline that all calculated radiative transition probabilities A are included into the lifetime τ calculations whereas the data sets presented in Tables 4-9 are more limited.
Uncertainties of transition data
The uncertainty of transition probability is caused by two factors. First of all, the uncertainty is caused by the uncertainty of the transition operator matrix element due to the inaccuracy of the level eigenfunction. The quality and reliability of this eigenfunction can be determined by performing several calculations on different CI bases and checking the convergence of the transition line strength S (or the square of the transition operator matrix element), which does not depend Table 4 . Radiative transition wavelengths λ, transition probabilities A, their relative uncertainties u λ and u A (in %) for the W 38+ ion. on the transition energy. We do not perform that procedure in the present work because of a large scale of such calculations. The second reason giving a rise of uncertainty of transition probabilities is the inaccuracy of the calculated transition energy ∆E. The accuracy of the transition energy ∆E can be determined by comparing it (or the corresponding transition wavelength λ) to the measured value in the case such a quantity is known. Alternatively, it can be derived from the uncertainties U E i and U E f of the calculated level energies for the initial (i) and final (f) levels of the particular transition. In this case, the absolute uncertainty of the transition energy U ∆E is defined by
Here and further we use the capital letter "U" to mark the absolute uncertainties; alternatively, we use the lowercase letter "u" for marking a relative uncertainty. This rule is applied both for energies and transition probabilities. In a similar way, the relative uncertainty u A of the theoretical transition probability A due to the uncertainty of the transition energy ∆E is determined by
where the transition probabilities A ± are defined as
Here k = 1 for the E1 and M1 transitions, k = 2 for the E2 and M2 transitions, k = 3 for the E3 transitions. The transition probability value A is determined during the QR calculations directly from the theoretical level energies and the reduced matrix elements of the radiative transition operator. These values A are listed in Tables 4-9 .
In our previous work [13] we consistently and thoroughly evaluated the calculated level energies by comparing them to the experimental data and the results of other calculations. Based on those Table 7 . Radiative transition wavelengths λ, transition probabilities A, their relative uncertainties u λ and u A (in %) for the W 41+ ion. comparisons, we can establish U E i and U E f . The energy levels of all six studied tungsten ions can be split into two parts according to their energies. This is a common feature of the ions with an open 4p N shell in the ground configuration. For the investigated ions, we can split levels at E = 1 800 000 cm -1 . The first part includes the levels of the ground configuration and some low-lying levels originating from the excited configurations.
In the case of ions W 38+ -W 43+ , the experimental energies are available for a larger part of the levels from the first group. Consequently we can determine the values of U E by averaging the absolute differences between the QR and experimental level energies. Further, the determined absolute uncertainty U E is assumed to be the same for every level from the first part (or lower group). As a special case, we consider U E = 0 for the ground level.
The second part consists of higher levels with E > 1 800 000 cm -1 . The experimental energies are determined only for very few levels from this part; thus we cannot determine U E in the same way as for the levels from the first part. At the start, we determine relative uncertainties for those levels where the experimental energy values are available. Further we average the calculated relative uncertainties and assume that to be the same relative uncertainty u E for all levels of this part (higher Table 8 . Radiative transition wavelengths λ, transition probabilities A, their relative uncertainties u λ and u A (in %) for the W 42+ ion. Table 9 . Radiative transition wavelengths λ, transition probabilities A, their relative uncertainties u λ and u A (in %) for the W 43+ ion. group). To conclude, we determine the absolute value of uncertainty for each level from this group.
Thus U E depends on the level energy:
This value is exploited in Eq. (3) to determine the uncertainties U ∆E for transition energies (or wavelengths). Tables 4-9 list the calculated QR wavelengths λ and transition probabilities A along with their relative uncertainties u λ and u A for the investigated tungsten ions.
W 38+
For the lower-level group of excited levels of this ion, we establish the U E = 4700 cm -1 , and for the higherlevel group u E = 0.2%. The W 38+ ion is a rather specific one as the ground configuration has a closed outer shell and, consequently, only one level. Therefore the most part of radiative transitions, which are the M1 transitions, occur among the levels of the excited configurations (see Table 4 . We can group these transitions according to their wavelengths or transition energies. For the first group of transitions, λ < 180 Å, and the average u A = 2.8%. The second group of transitions has 500 < λ < 900 Å with the average uncertainties u A = 14.1%. For the M1 transitions from the level K = 5, the wavelengths λ > 2500 Å, and the uncertainties of transition probabilities are even larger. Those transitions along with the M2 transition (u A = 1.8%) to the ground level define a total radiative lifetime τ of this metastable level with an exceptionally large lifetime τ. Another prominent level with a large lifetime is level K = 4; its lifetime is determined by the E3 transition with u A = 2.6%. The average uncertainties for the E1 transition probabilities are equal to 0.9%.
The comparison of the QR and MCDHF [20] level energies for the ion W 38+ with the data from the NIST database [8] reveals that the values from the MCDHF calculation are slightly closer to those from the NIST. In most cases, the MCDHF radiative lifetimes are to some degree smaller compared to our τ values, only the levels that have the M2 and E3 radiative decay channels display an exception. As it was demonstrated in [31] , one has to include the higher-multipole order radiative transitions from the metastable levels of excited configurations in order to determine correctly the total radiative lifetime τ.
W 39+
After splitting the energy spectra of the W 39+ , we determine U E = 6600 cm -1 for the lower-level group and u E = 0.5% for the higher-level group. For the E1 transitions the average relative uncertainty u A = 1.9%. For the M1 transitions with λ < 200 Å the averaged u A = 4.9%. For the M1 transitions among highly-excited levels, the u A can reach 20% and more since their U ∆E are significantly larger compared to other M1 transitions. There are two allowed M2 transitions from the metastable levels K = 6 and K = 9, and their transition probability uncertainties u A ≈ 2.5%. The lifetime τ of the K = 6 level strongly depends on the M2 transition. The radiative lifetime value increases by more than a factor of three if this transition is omitted in calculation.
W 40+
Three investigated configurations of the W 40+ ion produce the largest number of the levels among all studied ions in the present work. The analysis of the lower-level energies determines U E = 5400 cm -1 . For the higher-level group u E = 2.9%. This value of the relative uncertainty is unusually large in the context of the present and other our studies. Based on these estimations of uncertainty values, we can determine that the averaged u A is almost 9% for the E1 transitions. This value drops to 2.5% for the E1 transitions among the levels from the lower group. That value is similar to the uncertainty estimation for other studied ions.
For the M1 transitions, the average u A is almost 35%. For the transitions between the levels of the lower group, the average u A = 5.5%. For the E2 transitions among the ground configuration levels, u A ≈ 4%; only one line with a large wavelength makes an exception. This type of transitions among the excited configuration levels has significantly higher u A values.
Considering the higher levels of the W 40+ ion, we can notice that their U E values are exceptionally large in comparison to the higher levels of other studied ions. Meanwhile, for the lower levels, it is very similar to U E of other studied tungsten ions. Therefore we assume that our level assignment of the experimental energies in [13] can be erroneous for few levels from the higher group.
W 41+
For the W 41+ ion, we determine U E = 8700 cm -1 for the lower levels and u E = 0.7% for the higher levels. The average u A ≈ 3.5% for the E1 transitions.
The M1 transitions among the ground configuration levels have the average u A = 4.1%, whereas the average uncertainty u A for the M1 transitions among the levels of the excited configuration levels is 16% due to the larger transition wavelengths. The investigated excited configurations have two metastable levels, K = 21 and K = 35. The radiative lifetime of the level K = 21 is defined by the E2 transition with u A = 11.8%. The uncertainties u A of other E2 transitions from the higher levels are ~15% whereas u A ≈ 6% for the E2 transitions among the ground configuration levels.
W
42+ and W
43+
The calculated QR level energies for the ions W
42+
and W 43+ agree exceptionally well with the experimental values. Therefore uncertainties of transition probabilities are noticeably smaller compared to those for other studied tungsten ions of the lower ionization stages.
For the W 42+ ion, we determine U E = 2600 cm -1 for the group of lower levels. Meanwhile, u E = 0.3% for the higher levels. The average u A = 1.7% for the E1 transitions. It is equal to 2.5% for the M1 transitions. The E2 transition is possible only from the level K = 3. It has u A = 1.7%, and the average uncertainties of other E2 transitions are 2.3%. The uncertainties for the W 43+ ion, which has only one p electron in the outer shell of the ground configuration, are the smallest ones among all studied ions. For the group of lower levels, U E = 900 cm -1 , whereas u E = 0.15% for the higher levels. The average uncertainty for all types of transitions u A = 0.5%.
Summary and conclusions
The quasirelativistic approximation was used to determine radiative transition data for the multicharged tungsten ions having an open 4p N shell in the ground configuration. This work displays the level energies E, their radiative lifetimes τ, and the radiative rates A for the emission transitions of the E1, M1, M2, E2, and E3 types from the excited levels of the configurations 4s 2 4p N , 4s 2 4p N-1 4d and 4s4p
N+1 in the W 38+ -W 43+ ions. A complete set of spectroscopic parameters for these configurations of the tungsten ions is presented for the first time. Only the ion W 39+ has been comprehensively studied by us [7] and other authors [12] previously.
We describe the methods applied to determine the uncertainties u A of radiative transition probabilities arising from the uncertainties of calculated level energies. Their relative values u λ and u A are presented along with the QR wavelengths and transition probabilities for the tungsten ions W 38+ -W 43+ . The uncertainties of the E1 transitions vary from 0.5 to 3.5%. The largest average uncertainties occur for the E1 transitions in W 40+ and W 41+ ions as their energy level spectra are most complex among the studied ions. In order to improve the accuracy of radiative transition data, one needs to perform additional studies for these ions. The average uncertainties of the M1 transitions range from 3 to 20%; they noticeably depend on the transition wavelength. The uncertainties for the E3 and M2 transitions do not exceed 10%.
The present study demonstrates that it is necessary to calculate the transition probabilities of higher multipole order, M2 and E3 in addition to more usual E1, M1, and E2 in order to determine reliable radiative lifetimes for the excited levels of tungsten ions.
The comparison of our calculated QR wavelengths and transition probabilities with high quality MCDF calculation results for the ground configuration levels demonstrates that the QR and MCDF values are very close. That gives us reason to believe that our results are reliable and accurate enough for the two lowest excited configurations. Further, the high accuracy and reliability of the QR results are confirmed by comparison with the existing wavelength measurements for the transitions from excited configurations. The uncertainties of the wavelengths and transition probabilities presented in this work also validate the accuracy of the spectroscopic parameters calculated for the investigated excited configurations.
The complete set of data on the radiative transitions and the parameters of the electron-impact excitation can be found in the ADAMANT database (http://www.adamant.tfai.vu.lt/database) either in an user-friendly or in a machine readable form. N+1 lygmenų energijos, jų radiacinės gyvavimo truk mės τ, Landé g-daugikliai bei įvairių tipų (E1, E2, E3, M1 ir M2) savaiminių šuolių bangų ilgiai ir emisijos šuo-lių tikimybės. Gautos šuolių charakteristikos palygintos su eksperimentiniais ir kitų autorių teoriniais duomenimis. Kartu pateikiami teorinių bangų ilgių neapibrėžtu-mai ir iš jų kylantys šuolių tikimybių neapibrėžtumai.
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